Ni/Co/Ti LDH Powder X-ray diffraction (XRD) pattern of the Ni/Co/Ti LDH was investigated using a PANalytical X'Pert PRO diffractometer using a monochromated CuK α X-ray radiation source (λ= 1.5418 Å) at 25 mA and 35 kV at a scanning rate of 4 °min -1 and 2θ angle between 5° and 80°. The morphology, multilayered structure, lattice fringes of the sample were analysed by transmission electron microscopy (TEM) using a JEOL JEM-2010 TEM having an accelerating voltage of 200 kV, accompanied by an energy dispersive X-ray spectrometer (EDS) for analyzing the elemental composition. A Zeiss Supra 55 SEM instrument under 20 kV accelerating voltage was also used to investigate the morphology of the nanomaterial. The number of brucite layers of the LDH was calculated using a tapping mode atomic force microscopy (AFM; Cypher S Oxford instruments) having a Si tip of 10 nm radius (Mikronmasch), being used to achieve high resolution. 3D AFM micrograph was recorded simultaneously with 512 x 512 pixels with 1-2 Hz scan rate. The electrochemical impedance spectroscopy (EIS) analysis was performed on a CHI 760E electrochemical workstation using a three-electrode configuration: (i) Pt wire as the counter electrode (ii) a saturated calomel electrode (SCE) as a reference electrode and (iii) LDH deposited on ITO glass constituted the working electrode. The impedance measurements were performed using 0.5 M Na 2 SO 4 solution as the electrolyte. Photoluminescence (PL) spectra at different excitation wavelengths were investigated using Hitachi F-2500 FL spectrophotometer comprising of a Xe lamp as excitation source. Time-resolved photoluminescence (TRPL) analysis was carried out measured at room temperature using a PicoQuant Fluo Time 300 lifetime spectrophotometer. X-ray photoelectron spectroscopy (XPS) was performed on PHI Quantum 5900 ESCA instrument in order to identify the chemical states and understand the nature of bonding taking place between the different groups present on the LDH surface. The LDH sample was irradiated with Al K α X-rays at 1486.6 eV under ultrahigh vacuum conditions for XPS analysis. The UV-Visible diffuse reflectance spectroscopy of the LDH was studied on a Hitachi U4100 spectrometer, equipped with an integrating sphere attachment and using BaSO 4 background. The specific surface area and pore size distribution of the LDH was investigated by low temperature multipoint N 2 -sorption-desorption measurements following Brunauer-Emmett-Teller (BET) method using a Micromeritics Tristar 3000 V6.08 analyzer. Prior to the analysis, the LDH was degassed at 120 °C under a vacuum condition for 3 h to remove the moisture content. The LDH was subjected to dynamic light scattering (DLS) at different pH values by using a Malvern Zetasizer Nano ZS instrument to determine the variation of electrostatic surface charge with pH. Fourier transform infrared spectra (FT-IR) analysis was performed using a Shimadzu FT-IR 3000 spectrometer in the wavenumber range of 400-4000 cm -1 .
The LDH sample was mixed with KBr in 1:100 weight ratio of sample to KBr and compressed into pellets for analysis. The thermal stability of the LDH was investigated by thermogravimetric analysis (TG) in N 2 atmosphere from 32 °C to 750 °C with a heating rate of 10 °C/min, using a Mettler Toledo thermal analyser. The presence of hydroxyl radical ( • OH), generated from the LDH during photoassisted degradations was measured using a terephthalic acid (TA) fluorescence probe. The superoxide radicals generated on the ( LDH during photocatalysis was investigated by electron paramagnetic resonance (EPR) spectroscopy, recorded using a Bruker EMX X-band spectrometer with a field modulation of 100 kHz. The absorbance of the reaction mixtures of the photocatalytic experiments were investigated using a Shimadzu 1800 UV-visible spectrometer. The colourless breakdown products of the photoassisted degradations were identified using a Varian 3900 GC-Saturn 2100T GC-MS, having column temperature of 45 °C (1 min) and 45-250 °C (5 °C/min, hold time: 5 min). The complete mineralization of the metabolites of the dyes were analysed by measuring the Total Organic Carbon (TOC) using a ANATOC II, TOC analyser. In order to determine the carbon mass balance associated with degradation, arrangements were made to connect the reactor with the GC, ion chromatograph and a TOC analyser. Interlayer thickness a 0.289 nm (003/006) peak height ratio 1.58 The X-ray diffraction pattern of the LDH could be indexed to a typical hexagonal lattice.
S4. X-ray diffraction analysis
The lattice parameter 'c' depends on anion size, hydratation and amount of interlayer anions, the parameter 'a' depends primarily on the cation-cation distance within the 7 layered framework. The cell parameters 'a' and 'c' are calculated using the following relationsa=2d 110 , c [= (3d 003 +6d 006 +9d 009 )/3] and c=3c′. 1 Interlayer thickness= (c′ -brucite-like sheet thickness); c′= 0.671 and Brucite sheet thickness= 0.382 nm (calculated using cross-sectional HR-TEM and AFM analyses). 
S5. SEM-EDX results

S5(B); ESI †].
The EDX analysis showed good agreement between the atomic/weight ratio and the stoichiometric molar ratio of Ni, Co and Ti present within the LDH and the data is presented in Table S3 (ESI †). The existence of Cl in the EDX analysis (also observed in the XPS) is due use of TiCl 4 as the precursor of Ti during the LDH synthesis. The full scan XPS survey spectrum is represented in Fig. S7 (ESI †). As the defect states arise as a result of doping, the mobility of carriers is slowed down, which delays the recombination process. Apart from this, dopants present on the LDH surface also stand as an obstacle for efficient overlap of carriers on the LDH surface. The dstates act as active trap centers and separate the charge carriers. Doping shifts the band edges and hence, the conduction band electrons have to travel an indirect path for undergoing recombination with the holes, which delays the recombination and quenches the emission intensity. Since the emission intensity is reduced on increasing the excitation wavelength, quenching effect is expected to play an important part in the reduction of the emission intensity. In conformity to this effect, doping of ions also increase the interaction between the dopant and defects thereby forming quenching centers. The electrons are first captured by shallow trap levels and jump to the Ni, Co or Ti d-states, which further jumps from one d-state to the other and thus forms some quenching centers. The electrons, after passing through a channel of dopant and defects, ultimately find recombination center and emits light. This process increases the time period for the carriers to undergo recombination and therefore reduces the emission intensity. 5 Thus, the presence of defects within the microstructures of the synthesized Ni/Co/Ti LDH nanomaterial is assumed to play a major role in its photoassisted degradation of dyestuffs.
ii) Photoluminescence excitation spectra analysis
The photoluminescence spectra the LDH nanomaterial was also monitored at different 
iii) Time resolved photoluminescence emission analysis
The dynamics of photo-generated charge carriers are evaluated by time-resolved photoluminescence emission spectroscopy (TRES), the instrumentation is based on a streak camera which enables the calculation of the temporal decay time. 6 The luminescence data was fitted on a two-exponential function equation-
where τ 1 , τ 2 represents the decay times of the fast and slow components; A 1 , A 2 are the corresponding the luminescence amplitudes. Meanwhile, τ 2 is associated with the indirect formation of self-trapped excitons generated by trapped electrons and τ 1 is due to the direct formation of free electrons and holes. The results of TRES are presented in Fig. S11(C) ; (ESI †) and Table S4 (ESI †) . A comparatively longer luminescence decay time for the LDH corresponding to the excitation of 420 nm, could be attributed to the delay in radiative recombination process. 7 As a result of the longer charge carrier lifetimes, a higher photocatalytic properties are being observed for the LDH.
Fig. S11(C)
. TRES spectra of 2:1:1 Ni/Co/Ti LDH at different excitation wavelengths
The average lifetime of the photo-generated charge carriers of the LDH at 420 nm excitation wavelength 5.68 µs, which is 1.24 and 2.07 times longer than that observed at 360 nm and 385 nm excitation wavelengths. Thus, the photo-excited electrons or holes with a longer life time, generated by photons of wavelength in the visible region, on the LDH surface have been found to be advantageous for the decomposition of the aqueous dyes. 
iv) Mechanism of photoluminescence
The mechanism of photoluminescence has been explained on the basis of its results and is schematically illustrated in 
where, E g represents the optical band gap, hʋ is the photon energy, K is a constant and n depends on the nature of the transition. In case of the LDH, the best fit of (ɛ ) 2 
S12. Photocatalytic reactions
The photodegradation experiments were carried out using a specially designed a generated on the LDH during photocatalysis was investigated by electron paramagnetic resonance (EPR) spectroscopy, recorded using a Bruker EMX X-band spectrometer with a field modulation of 100 kHz. The photostability of the synthesized LDH was evaluated by comparative FT-IR analysis of the LDH, with that recovered after the fifth catalytic cycle of degradation. The FT-IR analysis of the colourless end products of both the dyes were compared with the pure dyes to evaluate whether adsorption or degradation dominated the decolorization reactions.
S12.1. Effect of LDH dose
The catalyst dose is an important factor that controls the rate of degradation. This is studied Thus, on increasing the catalyst dose from 5.0 mg to 15.0 mg, the decolorization efficiency was found to increase for both the dyes respectively. It is seen that the LDH could degrade ~99.6 % of ARG and ~99.8 % RhB at 15 mg of catalyst dose, under these conditions. This have resulted from an increase in the available surface area or the active sites of the catalyst. However, the degradation efficiency decreased with the increase of the catalyst load further to 20.0 mg with both the dyes. Heterogeneous photocatalytic reactions are known to show proportional increase in photodegradation with catalyst loadings. 2, 6 In a given photocatalytic application, the optimum catalyst concentration is to be determined, in order to avoid excess catalyst and ensure total absorption of efficient photons. This is due to the fact that unfavourable light scattering and reduction of light penetration into the solution is occurs with excess photocatalyst loading. So, a decrease in degradation efficiency was observed when the LDH dose was further increased to 20.0 mg. On the basis of this observation the catalyst loading was kept at 15.0 mg in the degradation experiments for obtaining the maximum performance with both the dyes.
S12.2. Effect of pH
The efficiency of decolorization is controlled by pH of the dyes. The pH effects on photoassisted degradations were carried out with both the dyes using 15.0 mg of the LDH; Fig. S15 (A, B) of ESI †. The ARG dye showed ~ 99.6 % degradation particularly at pH 4. This is due to the fact that the LDH surface possessed positive charge at low pH levels that has resulted in electrostatic interactions between the positively charged surface and the ARG anions in aqueous medium, thereby providing maximum performance. However, at pH values higher than the zero point charge (zpc) of the LDH, the LDH surface attains negative electrostatic charge and are repelled by the ARG anions leading to a decrease in the photocatalytic performance. But a reverse trend is being observed for the cationic RhB dye. In acidic medium, however, the degradation was found to be low because at low pH, as H + ion competes with the RhB cations for the available adsorption sites on the LDH surface. Moreover, zeta potential results indicates the positively charged LDH surface at low pH values, which would lead to an electrostatic repulsion with the RhB cations. However, in the alkaline medium, at pH 11, the positively charged LDH molecules electrostatically attract the RhB cations yielding ~ 99.8 % decolorization efficiency. 
where C 0 is the initial concentration of the dye and C is the concentration at time t. The apparent rate constant k app was calculated to be 0.064 min −1 for ARG and 0.041 min −1 for RhB. Moreover, the half life was found to be 10.83 min and 16.91 min respectively with ARG and RhB respectively, which has been calculated from k app by using the Eqn. (4)-
Thus, the photodegradation kinetics best fitted with the pseudo first order model, which indicated that the rate of the reaction is primarily dependent on light intensity and absorption efficiency of the catalyst. The presence of • OH radicals was further confirmed by external addition of n-butanol, (a quencher of •OH) prior to the photocatalytic experiments under the same set of experimental conditions. 8 It is seen that the rate of photodegradation of both the dyes were suppressed to a considerable extent, indicating that • OH is one of the active species that controls the rate of photodegradation [Fig. S20 (C) ; ESI † ]. On the other hand the superoxide species generated by the Ni/Co/Ti LDH during (
photocatalysis was investigated by electron paramagnetic resonance (EPR) spectroscopy, recorded using a Bruker EMX X-band spectrometer with a field modulation of 100 kHz.
The frequency calibration was performed using a frequency counter microwave bridge (ER 041 XG-D). In the EPR analysis, DPPH was used as field marker (g = 2.0036). The HPA 400/30S lamp (400 W, Philips) was used as the irradiating light source for EPR analysis. The magnetic field values of the radical was determined using the formula . Prior to the analysis, the synthesized LDH was subjected to thermal treatment at ℎ = 473 K in vacuum followed by exposure to an oxygen environment at room temperature.
The EPR spectrum of the LDH [Fig. S20 (B) The indirect radical trapping experiments was also performed with both the dyes by external addition of benzoquinone (BQ) ( scavenger), which resulted in the decrease of Moreover, the observed degradation of both aqueous ARG and RhB were further suppressed by the external addition of ethylenediaminetetraacetate (h + scavenger) prior to the photocatalytic experiments, indicating that h + were also the important species generated on the LDH surface by visible light irradiation, which also contributed to the degradation of dyestuffs. 8
S12.8. FT-IR analysis of the end products of photodegradation
The occurrence of adsorption or degradation in the decolorization of both ARG and RhB in 
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2 2 +
Second pathway: The second pathway proceeds through the photosensitization of the dyes in presence of visible light. [8] [9] [10] In this process, the dye molecules act as a sensitizer by The formed species photodegrade the dye molecules as follows:
• + ⟶ 2 + 2 (20)
• 2 -+ 2 2 + -⟶2 2 2 (23)
•OH + ⟶
This observation clearly demonstrate the involvement of holes (h + ), hydroxyl ( • OH) and superoxide ( ) species as highly reactive agents in the LDH mediated aqueous phase •-were the important active species that contributes to the photodegradation of both cationic as well as anionic dye molecules in aqueous phase to simple and less toxic components than their parent analogues.
S.12.11. Mineralization studies
The final products from the oxidation of dyes are some intermediates, CO 2 Fig. S24; ESI †) . It was found that TOC reduced by 94 % (for RhB metabolites) and (88 % for ARG metabolites) of the original when the degradation was carried out under visible light.
Almost 100% decolorization is achieved within 60 min, whereas 94 % and 88 % reduction in TOC was observed for RhB and ARG solutions after 60 min through photocatalysis by the LDH. Thus it could be inferred that the TOC removal rate was less than that of the decolorization process under the same experimental conditions due to the formation of some stable intermediates, as identified using GC-MS studies. However, a higher reduction in TOC for both the dye metabolites infers that the dyes have been degraded to simple molecules than their parent analogues. 11
S12.12. Closure of Carbon mass balance
Carbon mass balance closure is a unique technique for assessing the accuracy of the measurements. As a result of the carbon mass balance closure, a consistency and accuracy of the internal data is maintained. If carbon mass balance closures approach near 100 %, then the stoichiometric accuracy of the carbon related processes is considered to be very reliable.
In order to investigate the closure of carbon mass balance, small ports were configured within the reactor top for the purpose of input and removal of water during experimentation. This is accompanied by a port to facilitate the exhaust exit. Influents and effluents aliquots were collected at every 5 min intervals. The analytical instrumentation, was operated under appropriate specifications to quantify the constituents within the It is seen that the inlet and outlet moles of carbon were nearly equal at the initial stages of experimentation; however the accumulated and effluent carbon fall to approximately 92 % for RhB system and 90 % for ARG system in comparison to the estimated inlet carbon content. The quantification measurements of the dyes does not indicate any presence of the parent dye content in the inlet gas, exhaust or reactor liquid. Thus with a closure of carbon mass balance, it is very much reasonable to arrive at the conclusion that parent dyes have been mineralized through a relatively rapid pathway.
